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psoriasis patients with mild to moderate mean PASI score.

Background: This study aims to evaluate choroidal thickness (CT), retinal thickness, ganglion cell-inner plexiform
layer (GCIPL), and retinal nerve fiber layer (RNFL) structures in psoriasis patients using optical coherence tomography

Methods: This study included 33 psoriasis patients and 33 healthy individuals. Moreover, psoriasis patients who did not
use any systemic anti-inflammatory treatment were evaluated. Retinal and choroidal images of the participants were
obtained with spectral-domain OCT. Furthermore, CT was measured in the subfoveal, temporal, and nasal positions at
500-um intervals to a distance of 1,500 um from the foveal center.

Results: The mean psoriasis area and severity index (PASI) score was 5.70 (range, 2.40-9.00). No significant differences
were found in subfoveal (p = 0.659), temporal, and nasal CT values in psoriasis patients compared with the control
group (p > 0.05). Similarly, no statistically significant differences were found between the groups in terms of central
retinal thickness, macular GCIPL, and RNFL (p > 0.05). Moreover, no significant correlation exists between the duration
of psoriasis disease and PASI scores and OCT parameters (p > 0.05).

Conclusions: No significant changes in CT, ganglion cell layer, RNFL, and retinal thickness values were noted in
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Background

Psoriasis is an immune-mediated chronic inflammatory
papulosquamous skin disease that affects approximately
2% of the population worldwide and negatively affects
the quality of life [1]. Its pathogenesis is not fully known.
However, genetic and environmental factors play a role.
The immunopathology of psoriasis has been accepted as
T cell activation, causing systemic inflammation and
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increased cytokine activity [2, 3]. Vascular endothelial
growth factor (VEGF), hypoxia-inducible factors, and
tumor necrosis factor-a (TNF-a) may be associated with
disease development [4]. Moreover, psoriasis is a disease
that often occurs with relapse and regression and can
affect other organs other than the skin. Therefore, it can
be considered a systemic disorder rather than just a skin
disease [5, 6]. This disease, accompanied by systemic in-
flammation, is associated with multiple comorbidities
(e.g. myocardial infarction and metabolic syndrome) [7].
The disease has different morphological types. This dis-
ease has been associated with ocular inflammatory
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diseases, particularly uveitis. Consequently, approximately
10% of psoriasis patients have ocular findings that can
affect the eyelid, conjunctiva, cornea, lens, and anterior
uvea although the exact prevalence is unknown. Ocular
findings usually occur bilaterally during exacerbation
periods of psoriasis. Furthermore, vision-threatening com-
plications are rare [8—11].

Optical coherence tomography (OCT) is a noninvasive
method that can provide high-resolution cross-sectional
images of the retina, retinal nerve fiber layer (RNFL) and
choroid, and is an important tool in the diagnosis and
treatment of chorioretinal diseases [12]. The choroid is
one of the tissues with maximal vascularisation in the
human body, which has essential roles in external retinal
oxygenation and nutrition, retinal temperature regulation,
and growth factor secretion [13, 14]. The enhanced depth
imaging OCT (EDI-OCT) technique provides comprehen-
sive choroidal imaging and helps in understanding the
pathophysiology of ocular disorders [15-17].

Studies should be extended to the posterior part of the
eye because inflammatory processes play a role in eye
diseases in the anterior segment as well as in the poster-
ior segment. Retinal and choroidal thickness (CT) has
been evaluated in many systemic inflammatory diseases
[18-20]. Depending on the severity of inflammatory pro-
cesses, posterior ocular structures are affected in chronic
inflammatory diseases. The retina and choroid tissue
with extensive vascularisation are expected to be affected
in chronic inflammatory diseases such as psoriasis. Stud-
ies on psoriasis patients have mostly investigated the an-
terior chamber, while studies evaluating the retina and
choroid are fewer. Chandran et al. reported that optic
nerve involvement may occur in this disease with the ef-
fect of increasing cytokines, mainly TNF-a. However,
comprehensive studies evaluating RNFL thickness and
macular ganglion cell-inner plexiform layer (mGCIPL)
are not enough.

This study aimed to evaluate CT, retinal thickness,
mGCIPL, and RNFL in psoriasis patients and compare
them with healthy individuals and determine how these
segments are affected by this inflammatory disease.

Materials and methods

This cross-sectional study included 33 psoriasis patients
and 33 healthy individuals. The study was conducted fol-
lowing the Helsinki Declaration and was approved by
the Ordu University Training and Research Hospital
Ethics Review Committee (No: 2020/173). Moreover,
written informed consent was obtained from all
participants.

Patient Enrollment
Psoriasis patients who were followed up in Ordu Univer-
sity Training and Research Hospital Dermatology Clinic

Page 2 of 7

were included in the study. The diagnosis of psoriasis
was made by dermatological and histopathological evalu-
ations of the patients. Age- and gender-matched healthy
individuals referred to the ophthalmology outpatient
clinic due to minor refractive error and whose intraocu-
lar pressure (IOP) was <21 mmHg were included as the
control group. The inclusion criteria were patients >
18years, who had not used any systemic treatment for
psoriasis in the last 3 months, with <5D (spherical) and
<3D (cylindrical) refractive error, with the best-
corrected visual acuity (BCVA) of 20/25 or better and
with an axial length between 20 and 26 mm. The exclu-
sion criteria were any anterior segment pathology (cor-
neal opacities and massive cataracts that may interfere
with OCT imaging), prior laser application or any ocular
surgery, retinal diseases (e.g. macular degeneration),
smoking history, any existing history of systemic diseases
(e.g. diabetes mellitus and hypertension), glaucoma,
acute or chronic uveitis, ultraviolet phototherapy, use of
any ocular or systemic medication, patients whose inner
and outer margin of the choroid presented poorly in
OCT, pregnancy, or lactation.

Study Protocol

All participants underwent a comprehensive ophthalmo-
logic examination, including BCVA by using the Snellen
chart, slit lamp examination, IOP measurements using a
pneumotonometry (Tonoref III, Nidek Co., Ltd., Tokyo,
Japan), and dilated fundus examination. Axial length was
measured using A-scan ultrasonic biometry (Pac-Scan
300, Sonomed Escalon, New Hyde Park, NY, USA). Ret-
inal, RNFL, and CT measurements following other oph-
thalmological examinations were performed using an
SD-OCT device (Cirrus HD-OCT 4000, Carl Zeiss Med-
itec, Inc., Dublin, CA, USA). Moreover, ophthalmo-
logical examinations and SD-OCT measurements were
performed in the morning (between 09:00 and 12:00).
The right eyes of all participants were evaluated in the
measurements. Furthermore, ophthalmological examina-
tions of all the patients were performed by the same
researcher.

Psoriasis patients used topical medications only for the
last 3 months without any systemic anti-inflammatory
treatment. The evaluation of psoriasis patients was per-
formed by the same dermatologist. Disease severity was
evaluated through the psoriasis area and severity index
(PASI) score. Psoriasis was considered mild to moderate
and severe if the PASI scores were <10 and > 10, re-
spectively. The arthritis history of the patients was
recorded.

All OCT scans and measurements were obtained by
the same experienced technician through pupil dilation
(1 % tropicamide and 2.5 % drops phenylephrine). Those
scans of the macula and optic nerve head with a signal
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strength of >7/10 were used for analysis. Central retinal
thickness (the central 1-mm diameter circle) and average
mGCIPL scans were performed automatically using a
macular cube 512 x 128 scan protocol (128 consecutive
line scans). This protocol has a scan area of 6 x 6 mm of
the retina and macular thickness is calculated in microns
in an area correspondent to the Early Treatment Dia-
betic Retinopathy Study grid. The average GCIPL thick-
ness was measured in an elliptical annulus with a 2.0
mm vertical and 2.4 mm horizontal radius, excluding a
central elliptical area (0.5 mm vertical and 0.6 mm hori-
zontal radius). The choroidal images were obtained
using the HD Line Raster (EDI) protocol. The central
fovea in the horizontal section image passing through
the fovea and the nasal (three points) and temporal
(three points) segments at 500-um intervals to a distance
of 1,500 pm from the fovea were used as measurement
points for CT. The CT was measured manually from the
outer part of the hyperreflective line corresponding to
the retinal pigment epithelium, perpendicular to the
inner surface of the sclera (Fig. 1). Consequently, CT
measurements were performed by two experienced oph-
thalmologists (AKS and AU) who were masked in differ-
ent sessions using manual calipers of Cirrus HD-OCT
software, and the measurements were averaged for ana-
lysis. Peripapillary RNFL thickness was measured with
an Optic Disc Cube 200 x 200 protocol along a circle of
1.73-mm radius around the optic disc (Fig. 2). For peri-
papillary RNFL thickness, the mean (360°) and quadrants
(superior, nasal, inferior, and temporal) values deter-
mined automatically by the device software were
recorded.

Statistical analysis

The sample size is based on the literature of the differ-
ence observed in CT in psoriasis patients. A power of
80 % and a confidence level of 95% yielded the sample
size. All data were analyzed using the SPSS statistical
software package, version 21.0 (SPSS Inc., Chicago, IL,
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USA). Categorical variables were expressed as frequency
and percent and were compared using the chi-square
test. A normality check was performed using the Kolmo-
gorov—Smirnov test. Normally distributed data were
expressed as mean and standard deviation and were
compared using an independent ¢-test. Non-normally
distributed data were presented as median (first to third
quartiles) and were compared using the Mann—Whitney
test. OCT values were compared with the duration of
psoriasis and PASI values using the Spearman correl-
ation coefficient. P <0.05 was accepted as a statistically
significant level.

Results
The demographic and clinical characteristics of the par-
ticipants in the study groups are presented in Table 1.
No significant differences were observed between the
groups in terms of gender distribution, age, visual acuity,
spherical equivalent, IOP, and axial length values (p >
0.05). Myopic refraction was present in 17 (48.48 %) pa-
tients in the psoriasis group and 20 (60.61 %) patients in
the control group. None of the participants had a spher-
ical equivalent higher than -2 or + 2 diopters. None of
the patients had posterior or anterior uveitis. Similarly,
no pathology was found in any of the patients in the
posterior segment examinations. Although no joint in-
volvement exists in the control examination of the pa-
tients, 12 (36.36 %) had a history of previous arthritis.
The mean duration of psoriasis of the patients in the
psoriasis group was 4 years (range, 2—10 years), and the
mean PASI score was 5.70 (range, 2.40-9.00). Eight
(24.24 %) patients had a severe disease score when the
patients were evaluated according to the disease severity.
The OCT parameters of the groups are shown in
Table 2. Subfoveal (p =0.659), temporal and nasal CT
values were insignificantly higher in psoriasis patients
(temporal and nasal positions at 500-um intervals from
the fovea, p=0.792, p=0.874, p=0.609, p =0.656, p =
0.662 and p=0.750, respectively). No statistically

Fig. 1 Enhanced depth optical coherence tomography image of choroidal thickness in a psoriasis patient
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Fig. 2 Optical coherence tomography image showing peripapillary retinal nerve fiber layer in a psoriasis patient

J

significant differences were found between the groups
regarding retinal thickness, mGCIPL, and average and
quadrants RNFL values (p > 0.05).

No significant correlation was found between the dur-
ation of psoriasis disease and PASI scores and OCT pa-
rameters (Table 3).

Discussion

Systemic involvement and ocular surface affection in
psoriasis have been shown in various studies. However,
insufficient data about retina, choroid, and retinal nerve
fiber exist. We investigated choroid and retinal struc-
tures and their relationship with the severity and dur-
ation of the disease in psoriasis. In the current study, we
reported that CT was insignificantly thicker in psoriasis
patients than in the control group.

Ocular involvement in psoriasis may directly develop
with skin lesions due to an immune-mediated inflammatory
process or as a complication due to treatments. Blepharitis,
conjunctivitis, and keratoconjunctivitis sicca have been fre-
quently reported as anterior segment involvement [9]. Uve-
itis is mostly seen as anterior uveitis in this disease, and it is
thought to occur more frequently in severe psoriasis and
psoriatic arthritis [21]. In this study, 12 patients had a

Table 1 Demographic and clinical characteristics of the patients

history of arthritis. However, no evidence of anterior or
posterior uveitis was found in any patient.

TNF-a is an important proinflammatory cytokine that
plays a role in the pathogenesis of psoriasis disease. A
direct correlation exists between disease severity and
TNF concentrations [22]. Moreover, TNF-a was found
to play a role in the pathogenesis of inflammatory and
neovascular disorders in the eye [23]. The in vivo retinal
injury model showed that TNF-« plays a largely deleteri-
ous role in ischemia—reperfusion injury, and retinal
function is partially protected by direct neutralization of
this cytokine [24]. Furthermore, Derevjanik et al. [25] re-
ported that the injection of TNF-a into the eyes of the
animals disrupts the blood-retinal barrier. The success-
ful use of anti-TNF agents in the ocular involvement of
inflammatory diseases supports this molecule’s role in
ocular involvement in inflammatory diseases [23]. Thus,
these data support the place of TNF-a in the pathogen-
esis of ocular findings due to psoriasis. Moreover, an ex-
perimental study showed that inflammatory cytokines
increase VEGF secretion, which is a crucial element for
pathological ocular neovascularisation, from human ret-
inal pigment epithelial cells and choroidal fibroblasts
[26]. Consequently, choroidal tissue with dense vascular-
isation is affected in various systemic inflammatory

Parameter Psoriasis Control P value
(n =33) (n=33)

Age (years) 31 (23-45) 36 (27-40) 0.959°
Gender (Male/Female) 16/17 16/17 1.000°
Visual acuity 099 + 0.04 098 £ 0.06 0.990¢
(Snellen chart)

Spherical equivalent (D) (mean + SD) -0.13 £ 0.71 —0.50 + 0.89 0.263°
IOP (mmHg) 16 (14-19) 16 (14-18) 0.538°
Axial length (mm) 2268 + 0.65 2289 +0.72 0.213¢

(mean =+ SD)

IOP intraocular pressure, D diopter, SD standard deviation
“Mann-Whitney U test, bchi-square test, Sindependent t-test
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Table 2 Optical coherence tomography parameters among the
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Table 3 Correlation analysis between psoriasis characteristics
and OCT parameters

groups
Parameter (um) Psoriasis Control P value
(n=33) (n=33)

CRT 25379 + 20.77 25433 + 19.51 0913°

Subfoveal CT 360.97 + 67.10 354.15 + 57.63 0.659°

Temporal CT
500 um 345.06 £ 63.29 34121 +54.26 0.792°
1000 um 335.18 £ 62.63 332.91£5340 0.874°
1500 pm 32861 + 62.57 321.00 + 57.68 0.609°

Nasal CT
500 um 336.21 £ 6337 329.76 £53.56 0.656°
1000 pm 31852+ 6746 311.85+55.13 0.662°
1500 pm 304.85 + 6645 29997 + 57.22 0.750°
Average RNFL 94.79 + 1350 94.76 + 7.60 0.991°
Temporal RNFL 60.76 £ 1248 66.55 + 6.63 0.932°
Nasal RNFL 71.00 £ 11.07 6882 + 9.88 0401°
Superior RNFL 119.12 + 20.20 117.55 £ 13.86 0.713°
Inferior RNFL 126 (116-130) 125 (121-134) 0.480°
Average mGCIPL 86 (83-89) 87 (84-88) 0.964"

Data are given as mean * standard deviation or median (minimum-maximum)
according to normality of distribution. CRT central retinal thickness, CT
choroidal thickness, RNFL retinal nerve fiber layer, mGCIPL macular ganglion
cell-inner plexiform layer

2Mann-Whitney U test, ®independent t-test

diseases, and posterior segment structures have been the
subject of psoriasis research.

The choroid is thicker in patients with severe psoriasis.
Furthermore, Ersan et al. [27] evaluated psoriasis pa-
tients according to the PASI score and showed that sub-
foveal CT was significantly thicker in patients with
severe psoriasis compared with mild psoriasis and the
control group. This affection of the choroid was thought
to be a result of the inflammatory cascade involved in
the disease pathogenesis. Aksoy et al. [28] reported the
CT was significantly thicker in the subfoveal, nasal, and
temporal segments 500 pm away from the fovea com-
pared with the mild and control groups in patients with
severe psoriasis. In the comparison made between the
mild and control groups, no significant difference was
found in CT. Different investigators reported no signifi-
cant correlation between disease duration and CT.
Moreover, Tiirkcii et al. [29] found that CT is signifi-
cantly higher in psoriasis, and no correlation with PASI
score and disease duration was noted. Most of the pa-
tients (75.76 %) in this study had mild to moderate psor-
iasis. Similar to the reported results, CT was found to be
thicker in psoriasis patients than in the control group,
but this thickness was not statistically significant. Thus,
the lower number of patients with severe disease score
(24.24 %) may be effective in this insignificant increase
in thickness. Additionally, no significant change was

PASI Duration of psoriasis
CRT r —-0.162 0.024
p* 0.369 0.894
Subfoveal CT r 0.066 0.024
p* 0.716 0.894
Temporal CT r 0.090 0.158
500 pm p* 0620 0.381
1000 pm r 0.047 0.121
p* 0.795 0.501
1500 pm r 0.045 0227
p* 0.803 0.204
Nasal CT r 0.084 -0.022
200 pm p* 0643 0.904
1000 um r 0.105 0.103
p* 0.562 0.569
1500 um r 0.125 0.146
p* 0.487 0416
Average RNFL r —0.223 —-0.332
p* 0213 0.059
Temporal RNFL r 0.027 -0.273
p* 0.881 0.124
Nasal RNFL r -0.21 0.056
p* 0.237 0.758
Superior RNFL r —-0.270 —-0.330
p* 0.129 0.061
Inferior RNFL r —-0.202 -0.317
p* 0.259 0.073
Average mGCIPL r -0.174 —-0.190
p* 0332 0.289

OCT optical coherence tomography, CRT central retinal thickness, CT choroidal
thickness, RNFL retinal nerve fiber layer, mGCIPL macular ganglion cell-inner
plexiform layer

*Spearman correlation analysis

found in retinal thickness. Consequently, no correlation
was found between retinal and CT as well as disease
duration and disease activity score.

As an extension of the central nervous system, the
inner layers of the retina may indicate neurodegenerative
processes in the brain [30]. Abnormalities in RNFL and
ganglion cell layer have been reported with OCT studies
in Alzheimer’s disease, Parkinson’s disease, and multiple
sclerosis [31-33]. TNF-a, which has an essential effect
on the inflammatory process in psoriasis, may be in-
volved in the pathogenesis of neurodegenerative diseases
[34]. Moreover, Perossini et al. [35] reported that abnor-
mal visual-evoked potential parameters in psoriasis pa-
tients, which may be a sign of optic neuritis, were noted.
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This situation may be caused axonal damage due to
autoimmune activity caused by the increase of TNF-a
and other cytokines in the blood. On the one hand,
Kitaoka et al. [36] demonstrated axonal degeneration
and retinal ganglion cell loss with intravitreal TNF-alpha
injection in rats. On the other hand, Aksoy et al. [28] re-
ported a significant decrease in RNFL in patients with
severe psoriasis. This study found no significant changes
in RNFL and ganglion cell layer thicknesses in psoriasis
patients compared with the control group.

Our study has some limitations. First, our sample
size was limited and did not include participants from
different ethnicities and different geographical regions.
The second limitation was that it could not be ana-
lyzed as a separate group due to the low number of
patients with severe disease scores. Third, The CT
was measured manually using calipers of the OCT de-
vice. Additionally, a standard protocol for systematical
identification of glaucoma patients was not provided.
Using pneumotonometry instead of Goldmann appla-
nation tonometer for IOP measurements and deter-
mining the IOP cut-off value as 21 mmHg may be
important when interpreting the results of the study.
These points may limit the validity of our study re-
sults to elderly patients. Furthermore, the average
PASI score was relatively low. The severe disease is
considered an indicator of an intense inflammatory
process, which may be the reason for the lack of sig-
nificant changes in CT values and the absence of sig-
nificant differences in other OCT parameters.

In conclusion, choroids were not significantly thicker
in psoriasis patients. Consequently, no significant
changes were noted in the values of the ganglion cell
layer, RNFL, and retinal thickness. Determining retinal
structures and changes in the choroid in psoriasis, which
is a systemic inflammatory disease, will be useful in elu-
cidating the pathophysiology of ocular effects and diag-
nosing complications. Furthermore, changes in CT can
provide information about the inflammatory activity of
the disease. Thus, studies to be conducted with larger
patient groups will help understand the ocular effects of
this disease.

Acknowledgements
The authors thank Enago (www.enago.com) for the English language review.

Authors’ contributions

AKS was involved in study design, data collection, and analysis; FE was
involved in data collection; AU was involved in drafting the manuscript. All
authors read and approved the final manuscript.

Funding

No person or organization supported this work financially. The authors have
no relationship with any sponsor or commercial company involved in the
study.

Page 6 of 7

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due to local data protection laws but are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted as per the Helsinki Declaration and was approved
by the Ordu University Training and Research Hospital Ethics Review
Committee (No: 2020/173). Written informed consent was obtained from all
participants.

Consent for publication
Patients signed informed consent regarding publishing their data.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Department of Ophthalmology, Training and Research Hospital, Ordu
University, 52000 Ordu, Turkey. “Department of Dermatology, Training and
Research Hospital, Ordu University, Ordu, Turkey.

Received: 16 March 2021 Accepted: 12 May 2021
Published online: 26 May 2021

References

1. Nestle FO, Kaplan DH, Barker J. Psoriasis. N Engl J Med. 2009;361(5):496-509.

2. Farley E, Menter A. Psoriasis: comorbidities and associations. G Ital Dermatol
Venereol. 2011;146(1):9-15.

3. Parisi R, Symmons DP, Griffiths CE, Ashcroft DM; Identification and
Management of Psoriasis and Associated ComorbidiTy (IMPACT) project
team. Global epidemiology of psoriasis: a systematic review of incidence
and prevalence. J Invest Dermatol 2013;133(2):377-85. https.//doi.org/10.103
8/jid.2012.339

4. Heidenreich R, Rocken M, Ghoreschi K. Angiogenesis drives psoriasis
pathogenesis. Int J Exp Pathol 2009,90(3):232-48.

5. Sabat R, Philipp S, Hoflich C, Kreutzer S, Wallace E, Asadullah K, Volk HD,
Sterry W, Wolk K. Immunopathogenesis of psoriasis. Exp Dermatol. 2007;
16(10):779-98.

6. Weigle N, McBane S. Psoriasis. Am Fam Physician. 2013;87(9):626-33.

7. Takeshita J, Grewal S, Langan SM, Mehta NN, Ogdie A, Van Voorhees AS,
Gelfand JM. Psoriasis and comorbid diseases: Epidemiology. J Am Acad
Dermatol. 2017;76(3):377-90.

8. Kilic B, Dogan U, Parlak AH, Goksugur N, Polat M, Serin D, Ozmen S. Ocular
findings in patients with psoriasis. Int J Dermatol. 2013;52(5):554-9.

9. Rehal B, Modjtahedi BS, Morse LS, Schwab IR, Maibach HI. Ocular psoriasis. J
Am Acad Dermatol. 2011;65(6):1202-12.

10.  Donshik PC, Hoss DM, Ehlers WH. Inflammatory and papulosquamous
disorders of the skin and eye. Dermatol Clin. 1992;10(3):533-47.

11. Demerdjieva Z, Mazhdrakova |, Tsankov N. Ocular changes in patients with
psoriasis. Clin Dermatol. 2019;37(6):663-7.

12. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging spectral-
domain optical coherence tomography. Am J Ophthalmol. 2008;146(4):496-
500.

13. Adhi M, Brewer E, Waheed NK, Duker JS. Analysis of morphological features
and vascular layers of choroid in diabetic retinopathy using spectral-domain
optical coherence tomography. JAMA Ophthalmol. 2013;131(10):1267-74.

14.  Adhi M, Lau M, Liang MC, Waheed NK, Duker JS. Analysis of the thickness
and vascular layers of the choroid in eyes with geographic atrophy using
spectral-domain optical coherence tomography. Retina. 2014;34(2):306-12.

15. Fujiwara T, Imamura Y, Margolis R, Slakter JS, Spaide RF. Enhanced depth
imaging optical coherence tomography of the choroid in highly myopic
eyes. Am J Ophthalmol. 2009;148(3):445-50.

16.  Margolis R, Spaide RF. A pilot study of enhanced depth imaging optical
coherence tomography of the choroid in normal eyes. Am J Ophthalmol.
2009;147(5):811-5.

17. Sogawa K, Nagaoka T, Takahashi A, Tanano |, Tani T, Ishibazawa A, Yoshida
A. Relationship between choroidal thickness and choroidal circulation in
healthy young subjects. Am J Ophthalmol. 2012;153(6):1129-32.e1.


http://www.enago.com
https://doi.org/10.1038/jid.2012.339
https://doi.org/10.1038/jid.2012.339

Sahin et al. BMC Ophthalmology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2021) 21:233

Erdurmus M, Bekdas M, Demircioglu F, Soydan A, Gokstgur SB, Kismet E.
Retinal and choroidal thickness in children with familial Mediterranean fever.
Ocul Immunol Inflamm. 2014;22(6):444-8.

Hirooka K, Saito W, Namba K, Takemoto Y, Mizuuchi K, Uno T, Tagawa Y,
Hashimoto Y, Ishida S. Relationship between choroidal blood flow velocity
and choroidal thickness during systemic corticosteroid therapy for Vogt-
Koyanagi-Harada disease. Graefes Arch Clin Exp Ophthalmol. 2015;253(4):
609-17.

Coskun E, Gurler B, Pehlivan Y, Kisacik B, Okumus S, Yayuspay! R, Ozcan E,
Onat AM. Enhanced depth imaging optical coherence tomography findings
in Behget disease. Ocul Immunol Inflamm. 2013;21(6):440-5.

Chi CC, Tung TH, Wang J, Lin YS, Chen YF, Hsu TK, Wang SH. Risk of Uveitis
Among People With Psoriasis: A Nationwide Cohort Study. JAMA
Ophthalmol. 2017;135(5):415-22.

Mussi A, Bonifati C, Carducci M, D'Agosto G, Pimpinelli F, D'Urso D, D'Auria
L, Fazio M, Ameglio F. Serum TNF-alpha levels correlate with disease
severity and are reduced by effective therapy in plaque-type psoriasis. J Biol
Regul Homeost Agents. 1997;11(3):115-8.

Mirshahi A, Hoehn R, Lorenz K, Kramann C, Baatz H. Anti-tumor necrosis
factor alpha for retinal diseases: current knowledge and future concepts. J
Ophthalmic Vis Res. 2012;7(1):39-44.

Berger S, Savitz SI, Nijhawan S, Singh M, David J, Rosenbaum PS,
Rosenbaum DM. Deleterious role of TNF-alpha in retinal ischemia-
reperfusion injury. Invest Ophthalmol Vis Sci. 2008;49(8):3605-10.
Derevjanik NL, Vinores SA, Xiao WH, Mori K, Turon T, Hudish T, Dong S,
Campochiaro PA. Quantitative assessment of the integrity of the blood-
retinal barrier in mice. Invest Ophthalmol Vis Sci 2002;43(7):2462-7.
Nagineni CN, Kommineni VK, William A, Detrick B, Hooks JJ. Regulation of
VEGF expression in human retinal cells by cytokines: implications for the
role of inflammation in age-related macular degeneration. J Cell Physiol.
2012;227(1):116-26.

Ersan I, Kilic S, Arikan S, Kara S, Isik S, Gencer B, Ogretmen Z. Evaluation of
Macular Ganglion Cell-inner Plexiform Layer and Choroid in Psoriasis
Patients Using Enhanced Depth Imaging Spectral Domain Optical
Coherence Tomography. Ocul Immunol Inflamm. 2017;25(4):520-4.

Aksoy M, Toptan M, An I. Retinal nerve fibre layer thickness and choroidal
thickness: An evaluation in psoriasis patients. Int J Clin Pract. 2020,8:¢13904.
Tlrkcti FM, Sahin A, Yksel H, Akkurt M, Ucmak D, Cinar Y, Yildinm A, Caca |.
Evaluation of choroidal thickness in psoriasis using optical coherence
tomography. Int Ophthalmol. 2016;36(6):851-4.

Gupta S, Zivadinov R, Ramanathan M, Weinstock-Guttman B. Optical
coherence tomography and neurodegeneration: are eyes the windows to
the brain? Expert Rev Neurother. 2016;16(7):765-75.

Jindahra P, Hengsiri N, Witoonpanich P, Poonyathalang A, Pulkes T,
Tunlayadechanont S, Thadanipon K, Vanikieti K. Evaluation of retinal nerve
fiber layer and ganglion cell layer thickness in Alzheimer's disease using
optical coherence tomography. Clin Ophthalmol. 2020;14:2995-3000.

Ucak T, Alagoz A, Cakir B, Celik E, Bozkurt E, Alagoz G. Analysis of the retinal
nerve fiber and ganglion cell - Inner plexiform layer by optical coherence
tomography in Parkinson’s patients. Parkinsonism Relat Disord. 2016;31:59-
64.

Pillay G, Ganger A, Singh D, Bhatia R, Sharma P, Menon V, Saxena R. Retinal
nerve fiber layer and ganglion cell layer changes on optical coherence
tomography in early multiple sclerosis and optic neuritis cases. Indian J
Ophthalmol. 2018;66(1):114-9.

Rodrigues EB, Farah ME, Maia M, Penha FM, Regatieri C, Melo GB, Pinheiro
MM, Zanetti CR. Therapeutic monoclonal antibodies in ophthalmology. Prog
Retin Eye Res. 2009;28(2):117-44.

Perossini M, Turio E, Perossini T, Romagnoli M, Benedetti S, Cei G, Barachini
P, Nardi M. Pattern VEP alterations in psoriatic patients may indicate a sub
clinic optic neuritis. Doc Ophthalmol. 2005;110(2-3):203-7.

Kitaoka Y, Kitaoka Y, Kwong JM, Ross-Cisneros FN, Wang J, Tsai RK, Sadun
AA, Lam TT. TNF-alpha-induced optic nerve degeneration and nuclear
factor-kappaB p65. Invest Ophthalmol Vis Sci 2006;47(4):1448-57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Patient Enrollment
	Study Protocol
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

